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Sodium and water retention in experimental glomerulonephritis
J. P. GODON
Institute of Medicine, Clinical and Medical Semiology Department,
Division of Nephrology, University of Liege, Liege, Belgium
Sodium and water retention in experimental glomerulonephritis.
Experimental glomerulonephritis was induccd in rats by injection
of anti-glomerular basement membrane IgG from rabbits im-
munized with purified glomerular basement membrane (GBM).
Nephrotoxicity of these antibodies was investigated in vitro and
in vivo. Animals so treated exhibited a characteristic proteinuria
in association with typical alterations on light, electron and
immunofluorescence microscopy. A study of the response of the
glomerulonephritic animals to hypertonic saline loading demon-
strated an inability to reduce fractional reabsorption of sodium
in contrast with untreated animals. This absence of a natriuretic
response could not be explained by changes of glomerular filtra-
tion rate, renal plasma flow, pre- and post-glomerular plasma
protein concentration, hematocrit or arterial pressure.
La retention d'eau et de sodium dans la glomérulonéphrite ex-
périmentale. Une glomérulonéphrite expdrimentale a été induite
chez des rats par injection d'IgG anti-membranes basales pré-
parées chez le lapin al'aide de GBM purifiées.L'activiténéphrotoxi-
que de ces anticorps a été étudiée a la fois in vitro et in vivo. Les
animaux traités, ont a la fois, une protéinurie caractéristique et
des alterations typiques en microscopie optique et électronique
et en immunofluorescence. L'étude de la réponse des animaux
atteints de glomérulonéphrite a une charge dc solute sale hyper-
tonique a révélé leur incapacité a diminuer la reabsorption frac-
tionnelle du sodium par comparaison avec les animaux intacts.
Cette absence de réponse ne peut etre expliquée par les modifica-
tions de la filtration glomerulaire, du debit plasmatique, de la
concentration pré et post-glomérulaire des protéines plasmati-
ques, de l'hématocrite ou de la pression artérielle.
The control of renal sodium excretion has been studied
exhaustively in normal animals. While hormonal factors
such as aldosterone contribute importantly to the regula-
tion of sodium excretion by the kidney, the rapid natriuretic
response of the normal kidney to saline loading (involving
decreased fractional reabsorption) has been found to be
independent of the influence of vasopressin, aldosterone
or angiotensin [1—3]. Other factors such as changes of
arterial blood pressure, blood dilution or concentration, an
altered concentration of protein in peritubular plasma,
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changes of interstitial pressure, etc., may well play a con-
tributory role in the rapid natriuretic response to saline
loading [1,4, 5,26, 27]. In addition, the possible role of a
natriuretic factor has been suggested by de Wardener et al
[2, 6] and Lichardus et al [7]. More recently, Gill and
Casper [8] have suggested that synthesis of cyclic-AMP or
intra-arterial injection of dibutyryl cyclic-AMP can induce
a decrease in the proximal tubular reabsorption of sodium.
Although certain factors believed to be directly involved
in the natriuresis of saline expansion have been elucidated,
no explanation is available for the sodium and water reten-
tion that is observed in association with acute or chronic
glomerulonephritis with absent or no more than a
moderate reduction of GFR and without an edema-pro-
moting decrease in the plasma protein concentration.
In an attempt to explain the clinial finding of an in-
creased protein concentration in interstitial fluid from
some edematous patients, Volhard and Farber [9] postu-
lated the presence of increased capillary permeability. This
hypothesis was later rejected. Smith [10] suggested that
congestive heart failure might be responsible for the edema.
However, this type of sodium retention does not respond
to digitalis as does the sodium retention of primary con-
gestive heart failure. Moreover, Smith believed it improb-
able that a lowering of the GFR could be the only cause of
sodium retention. Reubi [11] has suggested that the develop-
ment of edema in patients with glomerulonephritis and a
normal GFR is best explained by an increase in sodium
reabsorption.
I have approached this problem with the help of an ex-
perimental model of nephrotoxic serum nephritis which,
in its second stage of evolution, morphologically closely
resembles membranoproliferative glomerulonephritis in the
human kidney.
Methods
Preparation of antigen. Since the work of Steblay [12]
and Krakower and Greenspon [13] in 1951, it has generally
been agreed that at least one of the antigens responsible for
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the production of nephrotoxic serum is present in the
glomerular basement membranes (GBM). Therefore, rat
GBM was isolated by a technique described by Krakower
and Greenspon [13]. The kidneys were removed from
Wistar rats after their perfusion in situ with iced, hepa-
rinized isotonic saline to eliminate the red blood cells. If
not used immediately, the kidneys were stored at —25°C.
The medulla was removed and discarded. The renal cortex
was cut into small pieces and passed through two successive
stainless steel sieves of 100 and• 200 mesh, respectively.
The fraction remaining on the second sieve largely consisted
of glomeruli and a small proportion of tubular and cellular
contaminants. This fraction was centrifuged at 1400 x G
for five mm. The supernatant was discarded and the
residue resuspended in an equal volume of isotonic saline
and washed four or five times by centrifugation at 400 x ci
for five mm. The sediment containing about 98% glomeruli
was resuspended in isotonic saline and treated by an
ultrasonic vibrator (Raytheon DF-10l) for 30 mm at maxi-
mum voltage. The sonicate was washed by spinning at
1440 x c three times in isotonic saline, then in 1 M NaC1
and finally in distilled water. The supernatant was discarded
each time. The last sediment consisting of relatively pure
glomerular basement membrane (confirmed by electron
microscopy) was lyophilyzed. The yield of this method was
approximately 1 mg of lyophilyzed GBM per g of renal
cortex.
immunization of antibody-producing animals. Nephrotoxic
serum was prepared in rabbits by the intramuscular injection
of 25 mg of lyophilyzed basement membrane emulsified in
complete Freund adjuvant and aluminum hydroxide gel.
One injection was given each week for three weeks followed
by a single injection three weeks later. The rabbit serum
was absorbed for hemagglutinins and decomplemented.
IgG was isolated by passage through DEAE-cellulose [6].
The uniformity of the peak was controlled by chromato-
graphy on Sephadex G-100 in dissociating medium and by
i mmunoelectrophoresis.
Evaluation of nephrotoxic activity. In the present study a
nephrotoxic unit (NTU) was defined as the smallest quan-
tity of IgO which, when injected intravenously, induced a
proteinuria five times greater than physiological proteinuria
in at least nine of ten rats weighing 200 g 24 hr later. The
nephrotoxic activity of the antibody was determined by its
ability to bind glomerular basement membrane in vitro.
Kidney slices of normal rats 3 to 4 j.t in thickness were in-
vestigated by the indirect immunofluorescence technique
as described by Holborow [14] using a 0.5 mg/mI solution
of rabbit anti-rat GBM IgO and then a fluorescent serum
anti-rabbit Igo. A linear deposition of anti-rabbit IgO was
observed along the glomerular basement membranes and
occasionally along the tubular basement membranes.
Production of experimental glomerulonephritis. The ex-
perimental glomerulonephritis was produced in adult rats
by a single intravenous injection of IgG, the exact dose
depending on the severity of disease desired. In the present
investigation the glomerulonephritis which developed had
an associated proteinuria ranging between 10 and 50 mg/
24 hr in the autologous stage. This required one NTU dose
corresponding to 5 to 10 mg of IgG.
Determination of sodium excretion in glomerulonephritic
rats. Studies were performed in an equal number of normal
and nephritic rats (N= 10) matched for age and weight and
receiving identical food (35 mEq/day of sodium). The
animals were studied after an evolution of one to two
months of the disease. All animals were anesthetized with
mactin (10 mg/l00 g) and underwent a tracheostomy before
being oxygenated without the aid of a respiratory pump.
Three polyethylene catheters were inserted into the right
jugular vein. One catheter filled with heparinized isotonic
saline was introduced into the femoral artery for blood
sampling. Urine samples were collected through a P13 100
suprapubic catheter. In order to reduce dead space, the
entire bladder was tied around the catheter above the
trigone. Immediately after placement of the catheters, a
1.5 ml priming dose of inulin and PAH (Tyrode solution
with 2.5% inulin and 2% PAH; pH 7.4) was given to the
animal followed by a continuous infusion of the same
solution at a rate of 0.03 mI/mm. The first urine collection
was started one-half hr after the start of the infusion. A
200 Ld blood sample was collected at the midpoint of each
30 mm urine collection. After the second control period,
555 iEq of sodium in 0.5 ml of distilled water (6% NaCl)
was rapidly infused. Blood and urine collections were made
for three additional 30 mm periods (Periods 3, 4 and 5).
Inulin measurements were performed according to a
micro-modification of Fuhr, Kaczmarczyk, and Krüttgen
[15] as described by Hilger, Klumper, and Ullrich [16]. PAH
measurements were performed by a micromodification of
the technique of Bratton and Marshall [17] described by
Deetjen and Sonnenberg [18]. Sodium concentrations in
blood and urine were determined with a Zeiss flame photo-
meter. Serum protein concentration was determined by the
biuret technique. Plasma protein electrophoresis was car-
ried out on cellulose acetate. Hematocrit was measured in
capillary tubes. The post-glomerular peritubular, plasma
-t
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Fig. 1. Evolution ofproteinuria in rats injected intravenously with
two nephrotoxic units (NTU) (left) and five NTU (right) of anti-
glomerular basement membrane IgG.
Sodium and water retention in glomerulonephritis 273
Fig. 2. Light micrograph of a glomerulus and surrounding tubules
from an animal 30 days after injection. PAS, magnification x 400.
protein concentration was calculated according to Bresler's
formula [19]: 1 —FF where PP equals the value for the
plasma protein concentration in g/liter and FF represents
the filtration fraction.
Results
The model of experimental glomerulonephritis. Regardless
of the injected dose, the development of proteinuria occur-
red in two successive stages; an initial low grade proteinuria
for five to seven days (heterologous stage) which increased
from the seventh to the fifteenth day (autologous stage) to
a constant value after the third week (Fig. 1). Sometimes
there was a slight decrease in the proteinuria at this point
followed by stabilization thereafter. Other workers have
observed the same evolutionary pattern [8, 20]. In the
present study a moderate glomerulonephritis was required
Fig. 3. Electron micrograph of glomerular lesion at 30 days. There
is thickening of the basement membrane, hyperactivity of
epithelial cells, very moderate fusion of foot processes (minimal
proteinuria) and hump-like deposits. The tubular cell appears
normal. Lead citrate stain, magnification x 5000.
Fig. 4a. Immunofluorescence staining of glomerulonephritic kid-
ney with fluorescent goose serum, anti-rabbit IgG. See linear
fixation.
without manifestations of the nephrotic syndrome or renal
insufficiency. The proteinuria of tested animals ranged be-
tween 10 and 50 mg/day. Acrylamide gel electrophoresis
of the urine demonstrated that the proteinuria had a
"glomerular" pattern. The arterial pressure of normal and
nephritic rats was not significantly different (2P> 0.1). The
plasma protein level and the serum electrophoresis were
comparable in the normal and nephritic animals (2P> 0.1).
The plasma albumin levels were similar in both groups of
animals (25 g/liter±0.7 for normal rats and 24.8 g/liter
1.2 in nephritic animals (2P> 0.1).
Microscopic examination of the kidneys revealed an
unequivocal, although moderate lesion. The lesions ap-
peared to evolve in two stages; a moderate hypercellularity
of the glomerular tuft appeared during the first thirty days
of the disease with obstruction of many capillary loops by
endothelial cell hypertrophy. Some subendothelial deposits
were present. Proximal and distal tubules demonstrated
little or no alteration (as is true of the nephrotic syndrome
in man). After approximately 30 days there was progressive
thickening of glomerular basement membranes and a
simultaneous disappearance of the hypercellularity (Fig. 2).
Fig. 4b. Immunofluorescence staining of glomerulonephritic kid-
ney with fluorescent goose serum anti-rat IgG. This pattern of
staining appears from the sixth to the seventh day of evolution.
L_.
274 Godon
With electron microscopy, hypertrophy and hyperactivity
of epithelial and endothelial cells was observed during the
first stage with some subendo-membranous deposits and
focal fusion of foot processes. About 30 days after induc-
tion of the disease, the basement membrane was thickened;
it appeared cloudy with extra-membranous, hump-like
deposits. Epithelial cells exhibited persistent hyperactivity,
while endothelial cells appeared normal (Fig. 3).
Immunofluorescence of glomerulonephritic kidneys
(Fig. 4 a) demonstrated a linear fixation of anti-rabbit IgO
fluorescent serum along the GBM. This fluorescence could
be seen within a few minutes after the intravenous injection
of rabbit Igo anti-GBM. Rat IgO appeared six to seven
days after induction of the disease as revealed by linear
fixation (Fig. 4b) of anti-rat JgG fluorescent serum similar
to previous descriptions (21—23). No fixation was detected
in other structures of the kidney.
Physiological observations were performed during the
autologous phase and the second anatomical period (30 to
60 days after the disease was induced).
Water and sodium retention in glomerulonepliritic rats. The
experimental results are presented in Tables 1 through 3
for both the normal and glomerulonephritic rats. The
average values for each period and the average differences
between the period following the salt loading and the
previous control period are shown. The tables indicate
standard deviation, levels of significance of mean differ-
ences and limits of confidence of a comparison, period by
Table 1. Renal hemodynamic response in normal and glomerulonephritic rats before and after saline loading
Condition
(2)
Bxperimental periodsa
(3) (3)—(2) (4) (4)—(2) (5) (5)—(2)
Glomerular filtration rate, pl/min/100 g
Normal (N= 10)
Averageb 736(98) 936(119) + 200(64) 760(92) + 24(88) 646(97) — 90(107)
2FC <0.02 >0.1 >0.1
Glomerulonephritis (N= 10)
Averag& 473(34) 637(46) + 154(34) 567(30) + 94(35) 541(37) + 67(37)
2P0 <0.01 <0.05 =0.1
Comparison, 2P <0.05 <0.001 >0.1 <0.1 >0.1 >0.1 >0.1
Renal plasma flow, .at/min/100 g
Normal (N= 10)
Average" 2303(345) 2984(419) +680(152) 2357(316) +53(267) 2382(383) —30(353)
2P° <0.01 >0.1 >0.1
Glomerulonephritis (N= 10)
Average" 1447(503) 2033(693) + 585(198) 1 879(636) + 432(170) 1799(153) + 351(184)
2P0 <0.01 <0.02 >0.1
Comparison, 2P5 >0.1 >0.1 >0.1 >0.1 >0.1 >0.1 >0.1
Filtration fraction
Normal (N= 10)
Average' 0.36(0.019) 0.31(0.027) —0.02(0.011) 0.31(0.022) —0.18(0.057) 0.28(0.025) —0.10(0.075)
2F0 >0.1 <0.05 >0.1
Glomerulunephritis (N= 10)
Average 0.34(0.06) 0.31(0.02) —0.02(0.04) 0.31(0.02) —0.035(0.03) 0.30(0.018) —0.04(0.03)
21" >0.1 >0.1 >0.1
Comparison, 2P° >0.1 >0.1 >0.1 >0.1 <0.05 >0.1 >0.1
UlnipIn
Normal (N= 10)
Average" 209(26) 107(16) — 102(14) 127(20) —83(14) 163(32) —46(21)
21" <0.001 <0.001 >0.1
Glomerulonephritis (N= 10)
Average" 173(12) 185(19) + 11(19) 200(21) + 24(24) 194(22) + 18(23)
21" >0.1 >0.1 >0.1
Comparison, 2p' >0.1 <0.01 <0.01 <0.05 =0.05 >0.1 >0.1
a (2) represents 2d control period; (3), (4), (5) represent half-hour period after saline loading; (3)— (2), (4)— (2), (5)— (2) compare
variations between selected periods, expressed as mean differences between the period after saline loading and control period (2).
b Average values for each period and for mean differences between each period after saline loading and control period. Mean standard
deviation is given between brackets.
c 21' for limit of significance of mean differences (according to Student's t table).
" Comparison: limits of confidence for the comparison of average values and mean differences of both series: normal and glomerulo-
nephritic animals (comparison of means for non-paired samples: Student's t table).
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period, between normal and glomerulonephritic animals.
Ten control animals and ten experimental animals were
studied.
During the control periods the glomerular filtration rate
(GFR) was lower in nephritic rats than in the normal rats
(2P <0.05). The renal plasma flow (RPF) was slightly
higher in normal rats, but the difference was not significant
(2P>0.1). The plasma sodium concentration was com-
parable in the two groups (2P> 0.1). The filtration fraction
was not significantly different in the two groups (2P> 0.1).
The filtered load of sodium was higher in normal rats
when compared to nephritic rats but the difference was not
significant (0.1 > 2P> 0.05). Absolute and fractional so-
dium excretion were slightly higher in normal rats but the
difference was not significant (2P> 0.1). The U/P inulin
ratios were similar (2P>0.1). The serum proteins and
hematocrit were also similar in both series. The peritubular
plasma protein concentration was increased in glomerulo-
nephritic rats (2P <0.01).
Response to hypertonic saline loading. The mean GFR
exhibited a significant increase in the first period only
following sodium loading (period 3) in the normal rats
(2P <0.02); in the glomerulonephritic animals the GFR
increased in both post-loading periods (2P <0.01). This
increase was proportionally the same in both groups
(2P> 0.1) during the first period of collection after loading
(period 3). The GFR remained higher in normal rats during
period 3, then became comparable to the GFR of gb-
merubonephritic rats during periods 4 and 5(0.1> 2P> 0.05,
period 4; 2P>0.1, period 5). Renal plasma flow (RPF)
increased significantly (2P <0.01) immediately after so-
dium loading in both groups of rats. This increase occurred
proportionally in the two groups as evidenced by the fact
that the mean differences between period 3 and period 2 in
both groups were equal (2P>.0.1). Thereafter, RPF re-
mained elevated in the nephritic animals (when compared
to the control period) whereas it returned to the previous
level in the control animals (2P>.O.1). However, the blood
Table 2. Response to saline loading in normal and glomerulonephritic rats
Condition
(2) (3)
Experimental periodsa
(3)—(2) (4) (4)—(2) (5) (5)—(2)
Plasma sodium concentration, mEq/liter
Normal (N= 10)
Average 140.7(1.125) 144(1.63) + 3.3(1.35) 144.3(1.5) + 3.6(0.82) 144.8(1.85) +4.1(1.21)
2P <0.05 <0.01 <0.01
Glomerubonephritis (N= 10)
Average 140.2(2.25) 142.7(3.08) + 2.5(1.6) 141.2(3.36) + 1(2.69) 141(3.42) + 1.5(2.86)
2P >0.1 >0.1 >0.1
Comparison, 2P >0.1 >0.1 >0.1 >0.1 >0.1 >0.1 >0.1
Filtered sodium load, mEq/min/100 g
Normal (N= 10)
Average 102(15) 126(17) +24(6.3) 105(12.5) + 12(11) 83(16) —7(17)
2P <0.01 >0.1 >0.1
Glomerubonephritis (N= 10)
Average 71(8) 94(9.9) + 23(3.8) 82(4.6) + 10.5(5.5) 79(6.7) + 7.8(6.8)
2P <0.001 >0.1 >0.1
Comparison, 2P <0.1 >0.1 >0.1 >0.1 >0.1 >0.1 >0.1
Absolute sodium excretion, mEqJmin/100 g
Normal (N= 10)
Average 0.63(0.31) 2.11(0.62) + 147(0.37) 1.63(0.6) + 1.1(0.30) 1.18(0.58) +0.42(0.32)
2P <0.01 <0.01 >0.1
Glomerulonephritis (N= 10)
Average 0.13(0.033) 0.184(0.05) + 0.05(0.029) 0.179(0.053) + 0.042(0.044) 0.15(0.052) 0.022(0.015)
2P >0.1 >0.1 >0.1
Comparison, 2P >0.1 <0.01 <0.01 <0.01 <0.01 <0.01 >0.1
Sodium rejection, % of filtered sodium load
Normal (N= 10)
Average 0.65(0.34) 1.64(0.46) +0.98(0.21) 1.41(0.34) +0.74(0.17) 1.05(0.3) +0.44(0.06)
2P <0.01 <0.01 <0.001
Gbomerulonephritis (N= 10)
Average 0.17(0.029) 0.19(0.04) + 0.013(0.024) 0.204(0.05) + 0.033(0.03) 0.16(0.05) — 0.006(0.05)
2P >0.1 >0.1 >0.1
Comparison, 2P >0.1 <0.01 <0.001 <0.01 <0.001 <0.01 <0.05
a See Table 1 for explanation of headings.
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flow remained comparable in both animal series throughout
the experiment (2P>0.1 for each period).
The filtration fraction did not change significantly after
saline loading in either group (2P>0.1). The plasma so-
dium concentration increased slightly but significantly in
normal animals after saline loading but not in the nephritic
rats. However, the plasma sodium concentration remained
comparable in the two groups (2P> 0.1). The filtered load
of sodium increased significantly (2P <0.01) and equally
(2P> 0.1) in the two groups during the first period follow-
ing saline loading (period 3). During periods 4 and 5 it
returned to pre-loading values in the nephritic rats. The
absolute sodium excretion increased significantly in normal
rats (2P <0.01) but not in glomerulonephritic rats (2P>0.1).
Comparison of corresponding periods in both series demon-
strated highly significant differences in periods 3 and 4
(2P <0.01). During the last period the sodium excretion
remained higher in the normal rats, but the difference was
no longer significant (0.1 > 2P>0.05). The excreted frac-
tion of the total amount of filtered sodium rose significantly
after sodium loading in normal rats (2P <0.01) but not in
nephritic animals (2P>0.1). Comparison of corresponding
periods 3, 4, and 5 in the two groups demonstrated a highly
significant difference (2P <0.01). Comparison of mean dif-
ferences was even more significant (2P <0.001).
The U/P inulin ratio decreased after hypertonic sodium
loading in normal animals (2P <0.001), whereas it re-
mained unchanged in glomerulonephritic rats (2P>0.1).
Plasma proteins and hematocrit decreased significantly
in normal (2P <0.01) and in glomerulonephritic (2P
<0.001) rats after saline loading. The changes were of a
comparable magnitude in the two groups (2P>0.l). The
peritubular plasma protein concentration decreased signif-
icantly in both series (2P <0.001 in normal rats and
2P<0.05 in diseased rats) throughout the experiments. The
decrease was most marked during the first period after
loading (period 3) in the nephritic animals.
Discussion
Experimental nephrotoxic IgO glomerulonephritis in its
autologous stage proved to be a valuable tool for the study
of water and sodium retention in glomerulonephritis. The
production of a glomerular disorder of moderate degree
without a severe decrease in the GFR or the development
of a typical nephrotic syndrome permitted an evaluation of
the role of tubular reabsorption in the pathogenesis of
water and sodium retention. Although the glomerular filtra-
tion rate and the renal plasma flow rose proportionally in
Table 3. Plasma protein concentration and hematocrit in normal and glomerulonephritic rats before and during saline diuresisa
Condition
(2) (3) (3)—(2)
Experimental periods
(4) (4)—(2) (5) (S)—(2)
Peritubular post -glomerular plasma protein concentration, g/liter
Normal (N= 10)
Average 72.8(5.7) 65.2(5.2) —7.6(0.98) 60.2(5.2) — 12.6(1.8) 56.7(4.6) — 15.6(2.3)
2P <0.001 <0.001 <0.001
Glomerulonephritis (N= 10)
Average 94.1(4.2) 75.6(3.3) —18.5(5.5) 74.1(2.9) — 19.9(4.9) 70(2.7) —23(4.7)
2P =0.01 <0.01 <0.01
Comparison, 2P <0.01 >0.1 <0.01 <0.1 >0.1 <0.05 >0.1
Plasma proteins, g/liter
Normal (N= 10)
Average 55.5(3.4) 50.7(3.5) — 4.3(0.7)
2P <0.01
Glomerulonephritis (N= 10)
Average 59.9(2.7) 52.3(1.5) —7.4(1.3)
2P <0.001
Comparison, 2P >0.1 >0.1 <0.05
Hematocrit, %
Normal (N= 10)
Average 45.6(1,2) 42.7(1.7) —2.7(0.91)
2P <0.05
Glomerulonephritis (N= 10)
Average 41(1.02) 37.1(1.08) —3.9(0.12)
2P <0.001
Comparison, 2P <0.05 =0.02 >0.1
a See Table 1 for explanation of tabular details.
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both groups of animals during the first period after hyper-
tonic sodium loading, a significant decrease in fractional
sodium reabsorption was observed only in normal rats
(Fig. 5). In nephritic rats, the excreted fraction of the
filtered sodium load did not change significantly. The GFR
and RPF remained increased in the nephritic rats during
periods 4 and 5 whereas they returned to the initial levels
in the normal animals. Simultaneously, the fractional and
absolute excretion of sodium remained higher in normal
rats. In contrast with the decrease in fractional sodium
reabsorption that occurred in normal animals in response
to hypertonic saline loading, fractional sodium reabsorp-
tion remained unchanged or occasionally increased in
glomerulonephritic animals resulting in sodium and water
retention independent of changes in glomerular filtration.
The rat with experimental glomerulonephritis appears to
have lost its ability to readjust the fractional reabsorption
of sodium, although the only anatomical and immuno-
logical abnormalities observed were confined to the gb-
meruli (Figs. 2, 3, and 4a and b). Moreover, the ability to
form a dilute urine was considerably impaired in glomerulo-
nephritic rats as demonstrated by the U/P inulin ratio,
Fig. 6. U/F inulin ratios before (period 2) and after (periods 3
and 4) hypertonic saline loading in normal (left) and glomerulo-
nephritic (right) rats. Comparison of control period 2: 2P>0.1;
comparison of period 3: 2F<0.01 and period 4: 2P<0.05.
thus suggesting the presence of an impairment in water
reabsorption (Fig. 6).
The diseased animals did not demonstrate nephrotic
abnormalities as evidenced by the plasma protein con-
centration and the pattern on serum electrophoresis. The
hematocrit was comparable following saline loading. The
postglomerular peritubular plasma protein concentration,
though higher in nephritic rats, decreased significantly after
saline loading in both groups. The decrease was slightly
greater in the nephritic rats. Postglomerular peritubular
protein concentration appears to control, at least to some ex-
tent, tubular reabsorption of sodium [4, 5,24,26,271 after sa-
lineloading in normal animals. In the present experiment, the
absence of a change in fractional sodium reabsorption
after saline loading in the diseased animals cannot be
related to such a mechanism, since the observed decrease in
postglomerular peritubular protein concentration should
induce a reduction rather than an increase in sodium reab-
sorption. However, the peritubular plasma protein con-
centration always remained higher in the nephritic rats. It
should also be noted that these animals exhibited a pro-
teinuria that could conceivably modify the oncotic pressure
gradient. However, preliminary studies performed in the
same model, but on rats exhibiting a greater degree of
proteinuria (500 to 1000 mg/24 hr), did not exhibit a signif-
icant difference in sodium reabsorption when compared to
animals with minimal proteinuria. Moreover, the findings
of deWardeneret al [2,6], Licharduset al[7] and more recently
Viskoper et al [25] suggesting the presence of a natriuretic
factor in normal animals and in man could indirectly sup-
port our results, particularly if we postulate the existence of
a natriuretic factor of renal (perhaps glomerular) origin
which disappears during the autologous stage of glomerubo-
nephritis. Another possible explanation could be the pro-
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Fig. 5. Excreted fraction of filtered sodium (EFNa) in % before
and after hypertonic saline loading in normal rats (left) and
glomerulonephritic rats (right). (N= 10 for each group). Com-
parison of control period 2: 2P> 0.1; comparison of periods 3
and 4: 2P <0.01. Comparison of variations expressed in mean
differences between periods 2 and 3: 2P<0.001.
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duction by the diseased glomerulus of a factor that in-
creases tubular sodium reabsorption by acting 'to inhibit
cyclic-AMP. The present results are similar to the findings
in certain instances of human glomerulonephritis with un-
impaired glomerular filtration but an associated reduction
of sodium excretion with resultant salt and water retention.
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